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This mveationrelates to water heating apparatus. 

circumstances, 
apparatus. 

rtiere is urovided water heating apparatus 
. According to the present invention tiiere IS provia 

including: 

15 a storage tank for storing heated water, 

agasbnmer assembly for heating water in the tank; 

the gas burner assembly including: 
ahouang; 

a gas bvimer in the housing; 

«da water flows thn>ugli said « least one pasaago « ft«*y mcr 
25 water. 

p^,y.a»»ar..p-.,o,saidpaasageao^W.*el»^ 

^,..o^«„deaac^.^-^^^ 
30 hou^endwallsandwheremthepassagesaredefinedbytu 



between 



the housing top and bottom walls. 
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. r ^^.tanandetotiiehorizontalso that gas 

biAbles tend not to be trapped thereunder. PP 
localised heating and/or corrosion. 

ore coils located within the 
Prefc^ly W>« -^j""^^!^*™, am* supply is 

^e- is e^-^d coo, u in^ on by *o cool 

,0 »«inse.e»e..ca..o.oca.eai».^»-'^^^ 
^,««onc«r»«i.o^U.c»=.^«2^^ 

^ Baaicaliy-^osolarcne^sysumcabo-^-*' 
4„ cMl of the apparatus defined above. 

heating apparatus including: 

water heating apparatus as defined above; 

a solar collector panel; 

25 asolarstoragetank; , .^^^^^.^tte solar storagp tank to Ihe panel; 

circulatingmeansforcirculatmgwateriio 

aheatexchangerin^esolar s..^^^^^^ 

.aid coupling .cans ^ , the heat 

toough the heat exchanger m said solar storage 
30 exchanger in said storage tank. 



wo 2004/025188 



PCT/AB2003/001211 



-3 



. v;» located beneafliliie Storage tank and Within a 
Preferably, the solar storage tank is located beneam 

angle housing. 

• , nrovidesagas/solarwaterlieatingsystemincluding: 
The invention also provides a gas/w«u 
a gas fired water heater having a flue; 
a solar collector panel; 

^ ooupUng sai. A- » ^ th. 

Tie e^solar «ater heating d.8«d " ^ c«. he ciiculated 

.«U.g»=ra»set .«.sc»*eex-^S2'" 
M ^*e«>iarp^toc^«-«^'^*"'°" 

^ta,e^»a.»p.ovide.aho.wa«.he.t^.»P— 
.E«/sohr«aterhea«mg»y«««»='^'^« 

t„ci««laangwa.er,ob.hea«dtee«.o»gl.=«das.«^ 
ft., teat fto» the flue gas or exham. ga» can h. *b«* 
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chamber. 

The invention will now be nmaci u 

10 showing the burner assembly, 

Hg«re4isanundersideviewof1hebumerassembly; 

H^eSisascbematicsectionalviewtalcenalongthehneS-S. 

Figure 6 is a side view of tiie fen; 
Figure 7 is apian view of the fan; 

Figure 9; 

heater and solar storage tank; , water heating apparatus; 
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»d20^ch «^ o«« toe 26 wUch 

9<fCb».t™>— ftom «» coa al bis). 
„^ ^ . abou. *is " "^"^^ ^ ^ cU as».b>y bas 

^tault*. Thewatetmm ^Mfcrwata alto 

^ «, fte hommg 6 and ^„ ^ ^ ™p,y the blgb .«np«a.™ 



20 



^„*.bousms6and,»- ^^^^^^^^ 

-'-*''°""'Tr:T„iCl-UiX»n.4<.»-Ca. 
j5 fernseinbalbioomsandkildMM. lypicaiy 

p„foiably45^ 

. w»bmlc44«hiAisloca«adwMi«<tol"«*°S'^ 
UeapparatuaJteM^abeaderttBkMw ^ 
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w he oi)erated at djove atmospheric pressure, say at 50 psi, it 
AS the main tank 4 canbe operated at ^^^^^ 

.ee. to he of relatively rohu. J::;tal,,^ Because 

tt.emamta^4xsmadeofsteeUtwo ^^^^^^ 

3 orairweredissolvedh^thewa^^^^^ 

^ "howev. t^^w..^^^ ^ 

appU» «vm whoe the water «. „atalited in the system. 

^^ess^tianythe^^^U^^J-^ 

10 N.««»less, T^"™*^^ 
taadertank44isp.ov.tolmorte.oeon^=^!^ 

«,4. Thcheadert^^cMoanbe^^eftcm^^^^^^^^ 

,5 capaci.yofthet»k4>sl30Ut«s. ™ " f„ud.i.c<»»c.edi.*.thetop 
52„»bi*iseo««otedatr»«terlmeM.th.otto.odo ^^^^^ 

,„^«meheader,ank44. *''"'"~^^^^^44to«*Hn.oth. 
JO „.««mline56«licl.ser,es.openm.v,a.erli™.l"l»«>« 



main tank 4. 



-be^ve-ea^eetiyintoiineM^^J^^^^^^^^^ 
inctades . pte=m:e rebef ^ 64 «*nc P ^ ^ 
^^«««..asano.t,e.6Se«e™i».he^-^6^-n^^ 
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water pressure within the coil assembly 8 whea it exceeds a predetermined value. This can 
occur when cold water is admitted to the coil assembly 8 and hot water flow is stopped. 
Thermal expansion occurs in the water in the coil assembly because of heat absorption 
ftom the water in the main tank 4 The first pressure reUef valve 60 can be set at say 200 
psi so that it wiU reUeve excess pressure fmm within the coil assembly 8 when the pressure 
therein reaches 250 psi (because it also needs to overcome the internal pressure within the 



As mentioned above, the water within the main tank 4 can be used for hydronic 
10 heating. Accordingly, the tank 4 includes a heating water outlet line 70 connected to a 
coupling 72 accessible fiom the exterior of the housmg 6. The q^wratus also hicludes a 
heating water return line 74 connected to a cowling 76 which is also accessible fiom ttie 
exterior of the housmg 6. The coiq)]ing 72 and 76 peraiit connection of the apparatus 2 to 
a space heating system which may include radiating panels and/or fan coil units for 
15 extracting heat from the water within the main tank 4. ]h hydronic heating systems Ihe 
water which is circulated is essentially a fixed volume of water and therefore corrosion of 
the main tank 4 and the hydronic heating elements is not normally a significant problem. 

The apparatus 2 includes a gas inlet coupling 78 connected to a gas supply line 80. 
20 The gas inlet line 80 suppUes gas for the burner assembly, as wiU be described in more 
detail below. Air for combustion is admitted to the housing 6 through vents 82. The 
housing 6 has a top wall 83 which includes a flue housmg 84 having vents 86 therein for 
discharge of flue gases &om ths gas burner. 

25 Figure 2 schematically illustrates more details of the internal structure of the 

apparatus 2. First of all, it will be seen that a layer of insulation 90 is located between the 
outer surfece of the main tank 4 and the housing 6 so as to avoid heat losses from the main 
tank. Located within the housing and above the main tank 4 is a fim 92. The fian 92 draws 
air and gas into its input and its outlet is connected to a gas air supply duct 94. Admission 

30 of gas to tiie fim 92 is controlled by a gas control valve 96 which receives gas fix)m the gas 
supply line 80. 
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The apparatus includes a bumer assembly 100 which is located in the lower part of 
the inain tank 4 and in use is conipletely inmiersed in the water within the main 

Located within the bumer assembly 100 is a gas burner 102 which is coupled to the duct 
94 A flue pipe 104 extends ftom the bumer assembly through the interior of the main 
5 tank 4 and extends through the top wall 48 to the flue housing 84. IHe flue pipe 104 has 
an inclined opening 106 whidi feces away ftom the vents 86 so as to avoid the possibihty 
of rainwater or the like entering the flue pipe 1 04 and the bumer assembly. 

As the interior of the main tank 4 is subject to above atmospheric pressures, it is 
10 desirable that flie top and bottom waUs 48 and 50 be rdn&rced so as to prevent buckling 
thereofunder the internal pressure. The illustrated arrangement shows a convement way m 
which this may be achieved. M ttiis arrangement there are four reinforcing rods 108. 1 10. 
1 12 and 1 14. Tlie lower ends of the rods are welded to the top and bottom walls 48 and 50 
so as to restrain outward defomiation of these walls. Alternatively, a single larger 
15 diameter rod could be used. 

The high temperature outlet line 22 ftom the coil may include a oneway or chedc 
valve 1 16 so as to prevent backflow of water into the line 22. 

20 The apparatus may also include an additional outlet for providing sterile water 

which can be used for drinking or beverages. Accordingly, the apparatus mcludes a st«ile 
water outlet line 118 connected to a sterile water outlet coupling 120. The sterile water 
outlet line 118 may include a control valve 122 which operates only to pemiit flow 
therethrough when the water in the coil assembly 8 is above a predetemuned temperature. 
25 above 100»C. The apparatus may also include a further high temperature outlet line 124 
comiected to an outlet coupling 126 for providmg high temperature water directiy from the 
coil assembly 8. Where the operating temperature is at or above 100°C this can be used as 
a supply of boiling water. In such a case, some cold water should be used to reduce the 
temperature of the water s,q»pUed to flie high temperature outlet coupling 28 so that the 
30 water is deUvered at eO^C to 80'C. The apparatus includes a bypass line 125 including a 
valve 127. The valve 127 is preferably solenoid controUed so that it is closed when the 
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teiiq)eratuie of water at the coupling 28 falls below a predetenmned value, say 60»C. In 
tbe illustrated arrangement, part of the inlet line 14 is widened and forms a water jacket 
128 for Ihe sterile water outlet line 118 so that useful heat can be extracted therefiom and 
inputted into flie water flowing in the coU assembly 8. UsuaUy cooling of the sterUe water 
5 is also required. 

The heating water outlet line 70 may include a valve or t^ 130. When the main 
tank 4 is being initiaUy filled, a mains supply can be connected to the coupling 72 and the 
valve 130 opened to fill the mam tank 4 and header tank 44 to a level indicated by line 

10 132. After initial filling, the valve 130 can be closed and the coupling 76 also stopped. 
however, hydronic heating is to be utilised the valve 130 is opened after connection to the 
hydronic heating components. In flie iUustrated arrangement, the line 134 indicates a 
supply line to the hydronic components and a drcubting pump 136 may be provided in 
this line. 

15 

The apparatus may also include an electric heating element 140 located within a 
tube which extends laterally into the main tank 4 a short distance above the bottom wall 
50. The purpose of the electric element 140 is to enable heating of the water within the 
main tank 4 in emergency circumstances in the event that the gas supply becomes 
20 mteiTupted. Typically the heating capacity of the element 140 is 2.5kw. 

The apparatus includes a temperature sensing element 150 which is arranged to 
provide mput signals to the gas control valve 96 which controls flow of gas to the fan 92 
and the operation of the fen 92. Basically, when the temperature sensor 150 senses a 

25 temperature below its set operating temperature, say 80»C to 90OC, it has contacts which 
close and tiiis causes the gas control valve to supply gas to the fan 92 and to operate the 
fen. This causes a flow of a combustible gas air mixture through the duct 94 to the burner 
102. The control valve 96 also causes ignition of tiie gas so tiiat heating will occur. The 
gas burner assembly 100 includes a plurality of water passages 152 tiierethrough. When 

30 heating occurs within tiie burner assembly 100, convection cunrents will be estabUshed 
causmg rismg heated convection currents to flow upwardly through the coil assembly 8 
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where heat transfer wiU take place to water within the coU assembly 8. This causes 
consequential cooling of the water within the main tank 4, thereby causing cooler, 
downwardly flowing convection currents to occur near the sidewalls of the main tank 4. 
This cooler water will then be drawn into the lower ends of the passages 152 through the 
5 burner assembly 100 and reheated. These convection flow paths withm the water m the 
main tank 4 provide for good heat transfer. Heat transfer also takes place ftom flue gases 

flowmg in flie flue pipe 104. 

The temperature sensmg element 150 is located at a level jist below the bottom of 

10 the burner assembly 100 and relatively close to the sidewall of the main tank 4. This 
ensures that it is in the path of downwardly flowmg cooler convection currents. When 
these cooler convection curraits m?)inge on the temperature sensing element 150 they will 
cause its contacts to close or remam closed for operating the gas control valve 96. If the 
temperature of the water within the main tank 4 rises to above the operating temperature of 

15 the sensing element 150, its contacts will open and the control valve 96 will stop operation 
of the fan 92 and supply of gas to tiie fan. The arrangement has the advantage that once 
the water within the main tank 4 has reached operating temperature, limited amounts of 
water can be drawn from the outlets 28 and 42 without creating large convection currents 
which would reach the sensing element 150. Thus limited amounts of water can be taken 

20 from the apparatus without activating the gas burner 102. If, however, large quantities of 
heat are extracted from the water within the main tank 4, such as when a bathroom shower 
or the like is operated, then large convection currents will flow downwardly and will 
unpinge upon the temperature sensor 150. This will quickly activate the burner 102 to 
therefore ensure that the temperature of the water within the mam tank 4 is not 

25 significantly reduced. 

Figures 3 and 4 schematically illustrate the burner assembly 100 in more detail. It 
will be seen that the burner assembly includes a bumer housing 170 having a cylindrical 
sidewaU 172, top waU 174 and bottom wall 176. The housmg includes a mounting tube 
30 178 which is welded to the sidewall 172 and is also provided with a flange 180 which 
permits welding to flie inside face of the cylindrical sidewall 46 of the main tank 4. The 
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«^ ™u 174 iooh.d« a ft» po« 182 tau. wl»A fa wdW «« lower «d of fte flue pipe 



104. 



A. best seal in Hg^s 4 and 5, tl» bm« «M*ly includes a plurality of 
5 c«wee«o.euxr<«.«*esl84whiehar.«ddMin»op«nng.l86andl88&nnedinto 

top andbottorn^™na 174 and netespeefivelyoftotMner housing. 

B win be noted Som Hgm 3 that ft. c««r.l «ds 189 of to housing 170 is 

toclined to fte vertieaL Preferably fte inclination is in the r»ige fiom 1' to 5- and 
,0 p«ferably2.A%th.inclh«.ionb=ing.x.gg=..«»mewh«inHg«.3fe 

mustradoi. Tletub.sl84ddin..h.eon™aonflowpas..gesl52d.sedb.dp..vi«^. 
ItwUlbealso seenthattherdntodngrods 108. 110. 1,2 «.d 114 pass ftr^ighth. tube, 
THsenables,hem.ob.c»u«,e^..««Wa..asofthe.opandb...omwdU48«»i50.f 

,hemain.».k4wheresupportis™s.eritical. Th=u»inp«.poseof theinstalWionotfte 
,5 burner housing 170 is so that its top and bottom ™lls 174 and 176 are mchned .to 
brutal. Itbasbeen found that thisavoidsietentionof gas bubbles. particWybeneaft 

,hebot.onis„.ftoel76wbiohnu8h.oocurifi.w«h.ri-«aUy*pos.^ A"--^" 
of gss bubbles beneath the bottom wall 176 could <^ locdised oi^Aeanng wh^ u. 
nnn may produce ^.dsustatalocali^ boiling and Bce.«d« noise ^idvi^ratto^ Thus. 
20 fl„ iucihiation of fte surftces is a single but effetive way of o,«onn^ 

problCTis which may occur in practice^ 

As fte burner housingWis subjected to the fUUintemal pressure wiftin fte mahl 
«^ 4. tt must be of rdadvely robust eonstniction and fte provision of fte tubes 184 dsn 
25 senretostrengftenftehousing. The bottom wall 176 may be additionally sn«.ge»ned by 
a rrfnfbrcing bar 190 which is wdded to fte underside of fte bottom wau 176. as shown. 

As seen in Kgure 3. fte burner 102 inctades a stainless steel tube 200 havmg a 
dosed hmer «.d 202. H.. inner part of fte body todudes a multiplicity of perfombons 
30 bavingasi^offteorderotsaylmm. The hib. 200 is provid^l wift a mounting flan^ 
204 whid. ««bles it to be competed to ft. sidewaU 46 by means of ftreaded studs which 
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project from fliesidewaU 46 Of flie main tank. The lower end of the air gas duct 94 is 
coimectedtotheflange204viaag3sket(notshown). The arrangemeat is such that the a«: 
gas mixture is admitted to the interior of the tube 200 so that it can escape through the 
perforations therein. Located a4jacent to the exterior of the tube 200 are ignition 

5 electrodes 210 and 212 and a flame detection electrode 214. The electrodes ate comiected 
by means of conductors 216 which pass through the mounting tube 178 and are coupled to 
thegascontrolvalve96. The air gas mixture passing through the perforations forms jets of 
bumingflamewhichheatlheinteriorofthehousingm. The arrangem«it has very good 
heat transfer because the burner assembly 100 is hmnersed in the water in the tank and 

10 convectioncurrentsflow1hroughthepassagesl521hereintoenhanceheattransfer^ 

Figures 6 and 7 diagrammatically illustrate the fen 92 and gas control valve 96 in 
more detail. It will be seen that the fen 92 inchides an outlet 220 which is coaled to an 
elbow 222 fomied at the upper end of the gas air duct 94. The fen is driven by a fen motor 
15 located within a fen motor housing 224 located on the side of the fen. as shown in Figure 
7 Tbe inlet to the fen is in the form of a venturi 226 which is located generally centrally 
of the axis of the impeller (not shown) of the fan. U)cated centrally of the venturi 226 is a 
gas inlet duct 228 which pennUs gas such as natural gas or town gas from the valve 96 to 
be entrained in air flowing mto the venturi 226, when the fen motor is operated. 

20 . 

The '^^^^ ^ temperature sensing element 230 to sense when 

excessive temperatures are reached within the interior of the main tank 4. It is preferred 
that the over temperature sensor 230 is located on the upper surface of the top wall 48 of 
&e main tank 4 and is also comiected or close to the flue pipe 104. Nomially the sensor 

25 230 will be at about the same temperature as the water in the tank 4 and will therefore be at 
the operating temperature of the water, say 110»C. If, however, the temperature rises 
above this poini, the sensor 230 will be sensed by the control valve 96 which wUl then 
operate to stop the fen 92 and flow of gas to the burner 102. Wilh the over temperature 
sensor 230 momited in this position, should an air gap develop in the top of the main tank 4 

30 the temperature will rise because the sensor 230 is in thermal contact with the flue pipe 
104. Thus the sensor also indirectly fenctions to detect the presence of an air gap within 
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«„«pof*e™ta«»^4™d«,.ta..ffsuppIyotg=si««event The sensor 150 
contacts of a switch. 

^.f^2Z^^^ X.. valve 96 can ..so te of ..own 

^one™«.ov.lv.i»-^'.ySrrMo...N..5,7DBO. 

«™rtlonshniKintoatoconttoltoapparatu82inctaiingcontto.oftte 
all of the necessary functions buni inxo u lu wni* 
10 ig„itt«>e.cctroto210«ri21J».dtesprtd*«togd«a»i.214. 

.n^lZonen^in^KSys.™. ^-P---^^""';'":;:^.^! 
Ml and 232 whioh are nonnatty Coa^ wte. fl» se»«ng el=«« 150 

15 Lon.»ebelo«fl.cop»«ng».per.^ This p.vM« m-na P-r <^ 
^va.v.9a..h«foreona..oop»taof*.f^92««l.peningof.g»v*.(™^ 

ltn,.ns.do*o,aacon«olva.,o96. T^-^-^'""-''"^*^ 
,en»a«»«. deaodva« to 6n supply of n«» *c««y » 

^.0,0,. Thna.U>e«i.inher=nttyapriod.ygivon«.bo..-er««ao.«lfton.fl« 
coH asamftly 8 over heat mjtod for hydtomc hMting. 

PC* of *e g» con^ol valve 96 are well ta.own and need no. be d«^ » 
^ Bd* 4. gas control valve 96 has «>e fcUowtog operating WlM. it .s 

rjiSircaL-^-^-p-""--^-^^"^'"""^: I 

V • nn Thiis removes any exhaust products Com 
duct 94 and into flie burner housmg 170. This removes any \ 
30 ZL.^ Oasisthens^Bedt„thed,»t94and«reigninond«^210 

1 2.2 ar. operated fbr a ptedetermin^l penod. say five second. If .^uon .s 
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^ «^ - ^ 

tempemuic . - w «f iimpQ sav three times, and if no 

ignition cycle is treated a predetermined number of times, say tmee , 
igmuoncy V This readies amannal override to be applied, 

flameisdetectedaLockoutconditionisset This requires a man 

. --IT, ««« 9^8 across the over temperature sensor 230. as shown. 
asindicatedbytheovemdebutton238acrosstiieover cmp mnel 

The gas control valve 96 may include or have associated therewith an mdicatmg P^el 
wMcLaHameProve indicator lamp 240 wMchis activated when correct comb^^^^ 
The indica^ panel may include a I^^out indicator lamp 242 Which IS 

illuminated when a lock-out condition is entered. 



A prototype of the water heating ^aiatus has been constructed 
beveryefficient. The prototype had tiiefoUowing nominal dimensions: 

height ofmain tank 4 
15 diameter of main tank 4 

approximate volume ofmain tank.4 

height of burner housing 170 

diameter of burner housing 170 

number of tubes 184 
20 effective surface area of burner housing 170 

ratio of burner surface area 170 to volume ofmain tank 4 

diameter of burner 200 

diameter of reinforcing rods 108, 110, 112, 114 
volume of header tank 44 
25 diameter of flue pipe 104 

number of coUs in the coil assembly 8 
number of convolutions of each coil 
length of each coil 
external diameter of each coU 

30 gas mpiit 

normal water temperature at outlet coupling 28 



and has proven to 

914mm 

560nmi 

ISOUtres 

406inm 

406imn 

20 

I. 85 sqm 
0.014 sqm/1 

SOmm 

12.7mm 

II. 5 litres 
76.2mm 



12.19m 
12.7mm 
200MJ/hour 
80-90"C 
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nonnal water temperature at outlet coupling 42 
nonnal water temperature at outlet com)lmg 126 

normal water temperature at outlet coupling 120 

normal water temperature at coupling 72 
^ximate time to heat water within flie main tank 

to operating tenq^aature 



45»C 
80-90'C 
20»C 
80-90°C 

lOmins 



The ta,«ng .PP««- 2 C.O b. u>=d in o.,*...^- a sola. 

«,>„ed..te.ad:256™r*unli« 262. A oold m», supply 264 be 
^ ^..b.co,dwa^Met«.e36vi.a«^v».ve266. Tbe^-.^ 
;Xl«d=sahea.^fe.ooa26S«».u^»bid>i.oi^c.ldw--*^^m- 

rLsa^S™*,beM..a™wa».s»™lin«»-=«^--P^^ 
«„^ci,™la«ng«>ro»Sh.hecoilassembly8of«».pp.r.««2. ^-^^'^ 

are not lost. 

to sys^m 250, ttie apparams 2 can be identic^ to tW sho™ in Flg»»s 1 «. 8. 
M«™tt«ly aconld be modified by*eon»«ionoftohead««nlc44. mteease^. 
„ :n^t.2«i,^»connec..e.pof.en*.a.4.«»»poC*M^ 
i^«nk256.Wa»»*>««on>moda.ean,<hennalexpanaionof*.wa«™fl^«>» 
^:r4. Xb.p».bea«..a^256„.yl.se.baveanoverflowo^e.274^dis.^ 
„,^in*..ve».««.Hia.ve.miedorover.p.e.surisei The sola, coUec.=n.appa*a 

1 may indole a «™p«a»« — " t 

30 ^«»«^278™-eda..bebo.««o..ep.bea.e,.a.«6 T.^ 

ei^,,y to solar sys^n 250 is such wl«n temperate sensed by .he 
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pump 260 can be operated. 

w s»»r 276 to ta. of «« ^ 278. . pos«.ve vo.«g. . 

,0 ^lcoup.ed»*»i^«.f.«v.»-s«236.,>ic.««».e,^e« 
.„l.y288whichco,«™b=WlyofP<>w««<ta»l»'*«>^-^t»^ 

1 1 a »odiW (bnn of »1« ^ 290 wldch i. sWtoJo 

^^e, is ^ in» lower eo. of pane. 254 » bo. fl.e g»e. flow . . 

^*.wa.erin.h.p,e..ea.e,-256i.bea.^ Tieflue ^^^.-a^-^ 
le.a„c.296co»ec.e.»a*a.ancedflucas^b,y298.Tbosy«e.m.,^^^ 

La„..30,wMohe:^fto.«»ba,anced«>ueasse„*Iy298.o«»..»«^^^ 
« ™a.™o^."*"-^pos«W.yot«.reliab.eop««io.offl»b»«m 

25 wUchBnEBbeca»«dbyfluctoaSonstapresa«emli.eflueto«. 

l.a^.™^en..mecoam,.oir«H.280for*epu«p260e»Mbe1h^«*e 

,™ge„eo.eo«Mb..ueh*a.fl>.p-H»p260U..w.ys operas beftrefteb^ 102" 

30 Il»«.be^.254win>»vew,.erci^.-«^u^i.**«J«"^ 
««.r«»cb-«294. Msc»™s««.= p3n=. 254 isno.ove4ea«daue«,*e 
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passage of Ibe flue gases thereflirou^ 

Fi^UdiagrannnaticaUymustratesamodmcdsystemSlOin 

10 could be operated. 

Themtemalcon*iistlonaigo«3121iasmo™«i» ^ 320 is 

. (w™, the internal combusfion engine cm also l» cww** °» ™ 
^ gases 6o» te ""^ ^^t„,fflci«>.ufflisato.ofto 

foel used for the burner assembly 100 as wen as electric 
25 l«rlK*™«tandh.a«i«-Mces.Tliein.en>aleombu«men9n.312c«iti»b 

:^::L» « s,s«» 3>0 a^ids «n-issi»n ro^^o>a^ 

jigdfioant in noHMl electricity distribntion systems. 

30 PoUutioncculdbetea^bycacsingtheflnegases^^^^bun^.^^ 
and.^gasesft^^-^.g^M^"''*'''^*'^''*"™^"*''™^ 
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«n11utants remam in the water. Use of the ventori 322 

. r*i. K,«,«102 In this arrangement the pump 260 IS 
^A 5^«rf«-P wifli oowation of the bvimer 10/. m uu!> «uiaue 

5 ,„n>»102i3opa«=dso«to»roMov<d««ingofU»p«.el254. 

point on the bottom wall 170 oim 

, ^ Th^ flue eases pass into a flue gas jacket 352 wliicn exrenub 
20 256. ■Itojaol!rt352BComectedtoaflu»pipe35*™B 
taclh«ls<»«wMtottohomontd. TtaseramstBa y 

*° "^^i „ This to possibility <rf common of the bottom 50. 

cot. drain therefrom to a condensate trap 360. The lower pan oi j 
fiomthe outlet 362 when the trap is full. 
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The tank 256 may include a central rdnfoidng rod 364 which extends between the 
top wan 356 and bottom waU 358 so as to avoid budding of these parts due to internal 

pressure withinthetank256. The tank256may also includeapressurereUe^^^^^ 

5 AsintheairangementofFiguie9,when1hesensor276sensesatemperaturehigher 
Itothat at the sensor 278,thepun^ 260 is operated so thatthe water withirithepr^^^^^^ 
tank256isheatedbysolarabsoxption. When hot water is drawn fiomihe main tank 4 for 
hot water or for heating purposes, the water suppUed to the coil assembly 8 will be pre- 
heated in the pre-heater tank 256 because it is circulated throu^ the coil 268. Uns of 

10 course reduces gas consumption. 

totoammg=nKu.ofFigurel3,fl»ta»k256mayb.p«5i<«elylrft«i9.»nailS«P 
^ch is b«w«o say 5% »d 10% of *c volume of the 256. Tto »r pp 370 c». 
fl^eretore accommodate thecal ^pa^ta. of d» wat« wfflm. the tH* 256 wiftoM U« 
15 need Sir a siiMtate expansion vessel. 

Fignies 14 and 15 illustrate how «« principles of the inv«.tion can be appUed to 
d««c water heaters in order to improve the rfBcie»>y thereof; The sane retonee 
n^enC. have been used to denote parts which are «« same as or correspond to those of 
20 «riierembodiments.h..hisa,rang«nent.theheaterisffledso»,tol«r..anAg.p370 
Whichcanaccommoda.ethermalexpamionof.hewate,«i.hinfhemainu>nk4. Thetank 

inclndes a ffljing line 382 to which a supply of cold water can be connected fcr wm 
flllingofthetank. The upper part of the tank includes an inspection opaling 384 wtach 
deSnesthettpper level of the water within the tank and also enables an openuor to observe 
25 fl„ 1^1 ofwater within the tank. After hntial filling the line 382 and opening 384 are 

bofh closed. 

The heater 380 includes a second electric heating element 386 and a second 
temperature sensor 388. In normal operation, the element 140 is operated so as to heat the 
30 waterwilhinthetank. The element 140 is subject to control of the first temperature sensor 
150 which is located at a level beneath the element 140 and generally below the cod 
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assembly 8. When cold water d««lates through the coU assembly 8. it is heated. This 
ea^es cool convection currents to flow downwardly. When tiie convection cunents 
in^pingeomhetemperaturesensorm^eele^entWOis activated. If cooling con^ues 
sufficiently, the cool convection currents will impinge on the second sensor 388 and this 
5 will cause operation ofthe second element 386. 

Figure 15 is a diagrammatic cross-sectional view which shows how the element 
140 may have additional electric heating elements 390. 392 and 394 located beside it for 
additional energy input to tiie water wi&in the tank. 

Figures 16 to 20 show the preferred fomi of solar panel 254 which can be used in 
the system 290 shown in Figure 11. This arrangement absorbs heat ftom the flue gases 

from the burner 102. 

exploded vi». -n-e oonpo««« tod^ »» 8l»ss 400 which » lo^ 

i.pr«»«Jsoas»hav=lmaBy««odi.gmd=.«ata.s» N«™lly 
te.«abou,3»ndcep. The ed^^. of th. upper *«. 402 tamed «ith edge 
20 410»»joi.»gofa.e»pp=rsh.=.402totoin«nn«W=shee.404hyn>ca^ 
weldmg or to Ito. Whea 4e«s 402 and 404 »e jom»l, awater c»ity 412 B deto=d 
ae«beU,=e^.sshownmmo..de,aUmHg«.18. Tl»edgesoftom«mieai«.*.« 
404 are fonned ™th do^tumed tages 414 wl««aa fte edges of fh. tower d»« 406 ar. 

fom,ed wit ..pwardl, feeing ehannels 416. The urrferside of ft. i.rt-media.e sheet 404 
25 hasapMtyofU^edchadnelsectio,.s418eom»ctedthe,.toby^wddi.gor«» 
Bke The lov^ershee. 406 Ujomed to the iitom«)iate AC 404 by spot welding or fc. 
like' The flanges 414 and the channels 416 combine to &m. an talet mamfbld 420 and 
o„a„ manifold 422. The manifclda 420 and 422 extend along .espectiv. sid«> of fte P«»>1 
and to hot flue oombusUon products Itom to water heater 2 are introduced into to 
30 mam&ld420 and ton flow through a gas cavity 424 defined betweoito mtennediate »1 
tover starts 404 and 406, which remain spaced apart by to channel sections 418. The 
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flue gases transfer heat to water within the water cavity 412 by conduction and the cooled 
flue gases are expelled through the manifold 422. 

An hisulation layer 426 is provided so as to be located beneath the lower sheet 406. 
5 Ihe insulation Uyer 426 is provided with rebates 428 along its lateral edges so as to 
acconunodate the manifolds 420 and 422 in the completed assembly as shown in more 
detail in Figure 18. 

The panel includes a base 430 which can be foraied fiom sheet metal such as 
10 galvanisediron. Its edges are formed upwardly so as to define sides 432 of the panel. Ihe 
sides are shaped bo as to define inwardly fiicing grooves 434 for receipt of the glass sheet 
400. 

The top surfiice of the upper sheet 402 is preferably treated so that it is absorbent 
15 This may be done by heat treatment of stainless steel to make it selectively absorbent of 
solar energy, m a known mamier. Alternatively, absorbent coatings may be appUed 
thereto. 
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This arrangement provides an inexpensive soUff panel which has a water cavity 412 
for heating water circulated therein and a gas cavity 424 for transferring heat fixmi the flue 
gases to the water circulating in the water cavity 412. 

Many modifications will be apparent to-those skilled in the art without departing 
fix>m the spirit and scope of the invention. 

For instance, in the arrangement of Figure 13, the burner assembly 100 includes a 
gas burner 1 02 . hi a modified arrangement the burner 1 02 could be omitted and hot gas or 
Uquid. which would normally be wasted, could be circulated through the housmg 170 so 
that heat therefrom is extracted for heating of the water within the tank 4. The waste gas or 
30 Uquid could be from a boiler, engine or other device which produces hot gases. This 
would be particularly suitable in industrial applications where usefiil heat can be extracted 
from hot gases which would otherwise be lost to the atmosphere. 
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